6-Ethyl-8-mercaptooctanoic acid, which bears a close chemical relationship to two functional forms of thioctic acid, 6,8-dimercaptooetanoic acid and 6-S-acetyl-6,8-dimercaptooetanoic acid, was found to be toxic for the growth of several microorganisms (Broquist and Stiffey, 1958) .
These effects were not nullified by thioctic acid, but were reversed competitively by a number of fatty acids including aeetate. The possibility suggested itself that 6-ethyl-8-mercaptooctanoic acid might be inhibiting growth by interfering with one of the functional forms of thioctic acid concerned in acetyl transfer. To test this hypothesis, the effect of 6-ethyl-8-mercaptooctanoic acid and related thioctic acid analogues on several acetate-generating or acetate-transferring enzyme systems of bacterial origin has been investigated. Some evidence has been found that the inhibitory effects of 6-ethyl-8-mercaptooctanoic acid on certain bacterial enzyme systems can be counteracted by 6,8-dimercaptooetanoic aci(d and to a lesser extent by coenzyme A.
MATERIALS AND METHODS
Thioctic acid analogues. The thioctic acid analogues used in this study were prepared by Dr. John A. Brockman, Jr., Dr. MIilon Bullock, and their associates. The syntheses of 8-methylthioctic acid andl 6-etlhvl-8-mercaptooctanoic acid have been published (Bullock et al., 1957; l3rockman and Fabio, 1957) .
Microbiological and enzymatic procedures. Pyruvic acid oxidation by resting cells of Streptocaccus faecalis strain IOC-1 was studied manometrically following the procedure of Gunsalus et al. (1952) . Acetyl phosphate generation from pyruvate was studied with a sonic extract prepared from Escherichia coli (Crookes strain) in a svstem described by Gunsalus (1954 (Gunsalus et al., 1956) . One lipoic transacetylase unit is that enzyme concentration neecessary for the acetylationi of I ,umole of 6,8-dimercaptooctanoic acid under the conditions described above (Gunsalus, 1956, personal conmmunication).
Acetyl phosphate was preparedl by the mnethod of Stadtman and Lipmann (1950) Noninterference of 6-ethyl-8-mtercaptooctanoic acid in oxidation of 6,8-dimercaptooctanoic acid by diphosphopyridine nucleotide in Escherichia coli extracts Conditions: 0.05 ml E. coli fraction B (Hager and Gunsalus, 1953) plus additions as shown in final volume of 1.0 ml pH 6.8 phosphate.
Incubation: 10 min at 25 C. It is of interest to compare the biological activity of 8-methylthioctic and 6-ethyl-8-mereaptooctanoic acid as brought out in this and related studies. Stokstad (1954) reported briefly that 8-methylthioetic acid was inhibitory both for growth and pyruvate oxidation by S. faecalis, and that these effects were reversible by thioctic acid. On the other hand, 8-methylthioctic acid did not inhibit growth (Stokstad, 1954) nor pyruvate oxidation (table 2) in E. coli. 6-Ethyl-8-mercaptooctanoic acid is toxic for growth of both microorganisms (Broquist and Stiffey, 1958 , and unpublished data), and inhibits pyruvate oxidation in each instance (tables 1 and 2), but the action of 6-ethyl-8-mercaptooetanoic acid cannot be reversed by thioctic acid in either the growth or the enzyme systems. It appears that 8-methylthioctic acid may be regarded as a true antimetabolite of thioctic acid, and the effects of this analogue in disrupting pyruvate oxidation (Stokstad, 1954, and Attempts to demonstrate that 6-ethyl-8-mercaptooetanoic acid interferes with the acetylation of 6, 8-dimercaptooctanoic acid in the lipoic transacetylase reaction (reaction 2) were not definitive, but this study led to the surprising finding that 6-ethyl-8-mereaptooctanoic acid interfered with phosphotransacetylase action (reaction 1). It is conceivable that 6,8-dimercaptooctanoic acid is concerned in the transfer of acetyl from acetyl-coenzyme A to arsenate during arsenolysis, and that this accounts for the inhibitory effects of 6-ethyl-8-mercaptooctanoic acid in arsenolysis and the reversal of this inhibition by 6,8-dimercaptooetanoic acid (tables 5 and 6). If this explanation were true, it is possible, arguing by analogy, that certain aspects of acetate metabolism are mediated via acetyl-coenzyme A, arising for example from the acetate activating enzyme or from phosphotransacetylase, and that the acetyl group is then utilized via a 6, 8-dimereaptooetanoic acid-depenident reaction involving lipoic transacetylase. It is of interest that in the lipoic dehydrogenase enzyme system, in which 6,8-dimercaptooctanoic acid is not concerned in acetyl transfer, but rather is oxidized to thioctic acid, 6-ethvl-8-mercaptooctanoic acid has no effect (table 8) . This further emphasizes that the effects of the latter are localized in blocking acetyl transfer.
SUMMARY
The effect of 6-ethyl-8-mercaptooctanoic acid and related analogues of thioctic acid on certain bacterial enzyme systems concerned in acetate generation or transfer was studied. 6-Ethyl-8-mercaptooctanoic acid was found to inhibit the pyruvic oxidase system of Streptococcus faec(tlis strain 1OC-1 and to interfere with acetylphosphate generation in Escherichia coli (Crookes strain). FuIrther detailed studies with extracts of the latter organism led to the finding that 6-ethyl-8-mercaptooctanoic acid blocked phosphotransacetylase action. This inhibitory effect could be overcome by raising the level of enzyme, or by 6, 8-dimercaptooetanoic acid, and to a limited extent by coenzyme A. 6-Ethyl-8-mercaptooctanoic acid did not interfere with the oxidation of 6, 8-dimercaptooetanoic acid to thioctic aci(l by lipoic dehydrogenase aild diphosphopyridine nucleotide. These observations demonstrate at the enzyme level that 6-ethyl-8-mercaptooctanoic acid interferes with acetate metabolism a conclusion suggested by the experiments of the preceding paper (Broquist and Stiffey, 1958) wlhich showed that the toxicity of 6-ethyl-8-mercaptooctanoic acid for growth of several microorganisms was reversed comlpetitively by fatty acids including acetate.
